Previous work showed that the Texel muscling QTL (TM-QTL) results in pronounced 26 hypertrophy in the loin muscle, with the largest phenotypic effects observed in lambs 27 inheriting a single copy of the allele from the sire. As the loin runs parallel to the spinal 28 vertebrae, and the development of muscle and bone are closely linked, the primary aim of this 29 study was to investigate if there were any subsequent associations between TM-QTL 30 inheritance and underlying spine characteristics (vertebrae number, VN; spine region length, 31 SPL; average length of individual vertebrae, VL) of the thoracic, lumbar, and thoracolumbar 32 spine regions. Spine characteristics were measured from x-ray computed tomography (CT) 33 scans for 142 purebred Texel lambs which had been previously genotyped. Least-squares 34 means were significantly different between genotype groups for lumbar and thoracic VN and 35 lumbar SPL. Similarly for these traits, contrasts were shown to be significant for particular 36 modes of gene action but overall were inconclusive. In general, the results showed little 37 evidence that spine trait phenotypes were associated with differences in loin muscling 38 associated with the different TM-QTL genotypes. 39 40 42 43 44 45 46 47 48 United Kingdom's Texel sheep population which significantly increased longissimus dorsi 52 (loin) muscle depth (up to +1.15 -+2.00 mm, as measured ultrasonically over the third 53 lumbar vertebra). Observing similar results (QTL effect of +2.57 mm) from an analysis 54 including existing and new Texel family data, the QTL, later termed the Texel muscling QTL 55
2 1. Introduction Walling et al. (2004) reported evidence of a quantitative trait locus (QTL) segregating in the The thoracolumbar spine region, on which the loin is located, encompasses the 'body' (or cross-sectional CT scans taken at the fifth lumbar vertebra) by Macfarlane et al. (2010) and 148 included in this study's analysis of the genotypic effect. Essentially, these traits were 149 included to, (i) determine if analysis of the reduced sample of animals shows genotype effects 150 on loin traits similar to that observed for the larger sample, and, (ii) assess, from further 151 analysis of the smaller data set, if the same or similar pattern of TM expression (polar 152 overdominance) can be considered as a source for any genotype differences. Data were analysed using the GLM procedure in SAS (SAS Institute Inc., Cary, NC, USA) to 157 determine the effects of genotype on the collated loin traits and measured spine traits. Fixed 158 effects fitted in the model for loin dimensions (CT_MLL_W, CT_MLL_D, CT_MLL_A), 159 spine length traits (SPL THOR , SPL LUM , SPL T+L , VL THOR , VL LUM , VL T+L ) and spine count 160 traits (VN THOR , VN LUM , VN T+L ) were site, with two levels (Scotland and Wales), sex, with 161 two levels (male and female), rearing rank, with three levels (single, twin, or pet), and TM-162 QTL-genotype, with four levels (+ S /+ D , TM S /+ D , + S /TM D and TM S /TM D ). The model was 163 run with and without covariate adjustments for live weight (LWT); where any of the traits 164 differed significantly between genotype groups, it was of interest to assess if, by testing the 165 groups at a standard live weight, the differences were removed.
166
A set of orthogonal contrasts, as described by Freking et al. (1998a) , (additive (-1 0 0 1), 167 dominance (-1 1 1 -1), and reciprocal heterozygote (0 1 -1 0)) was fitted to the + S /+ D , 168 TM S /+ D , + S /TM D , TM S /TM D genotypes, respectively. The contrasts test for any distinct 169 pattern in the differences amongst the genotype group's least-squares means (for loin and 170 spine traits), from which, a particular model for TM gene action might be suggested. Due to the previous evidence supporting the expression of the TM muscling phenotype through a polar overdominant mode of inheritance (Macfarlane et al., 2010) , if significant differences were found between the heterozygote groups (reciprocal heterozygote test) a further set of 174 orthogonal contrasts was fitted to the genotypes to include a test for the paternally derived 175 polar overdominant mode of inheritance. Again following that from Freking (1998a), this 176 second set of orthogonal contrasts included additive (-1 0 0 1), maternal dominance (-1 0 2 -177 1), and polar overdominance (-1 3 -1 -1) models of gene action which were fitted to the 
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In the context of this work it is useful to note that an earlier study (Macfarlane et al., 2012) 186 found that least-squares means for LWT (measured at birth, 5, 10, 15, and 20 weeks of age) 187 and carcass weight for TM S /TM D animals were consistently larger than that measured for 188 + S /+ D , + S /TM D , and TM S /+ D genotype lambs (these differences were significant between 189 TM S /TM D and + S /+ D lambs for LWT at birth, 5, and 10 weeks of age, and carcass weight). In 190 the present study, statistical models were first run without an adjustment of LWT but, given 191 the above, to remove, as far as possible, any misinterpretation of TM-QTL effects, statistical 192 models were run again with certain traits (loin dimensions, spine length) adjusted for LWT.
193
The following sections discussing these traits will therefore focus only on the LWT adjusted 
Loin dimensions
and lumbar vertebrae number (VN T+L ), there were no significant differences between the 248 groups (Table 1) 
261
The first set of orthogonal contrasts was fitted to the genotypes to test for additive, 262 dominance, and reciprocal heterozygote models of gene action (Table 2; Therefore, due to this, and with the previous observation of the TM allele's expression 284 through a non-additive mode of inheritance, a further set of orthogonal contrasts, additive, 285 maternal dominance, and polar overdominance, were fitted to the genotypes as (1 0 0 -1) (-1 286 0 2 -1) (-1 3 -1 -1), respectively. Results for the additive model have been discussed above, 287 and with no significant results for a maternal dominance effect only the results for the polar 288 overdominance model from this set of contrasts were shown (Table 2 ) and discussed further.
289
The polar overdominance inheritance model was fitted as -1 3 -1 -1 to the + S /+ D , TM S /+ D , shown to be significant for all traits tested (Table 2) ; with the exception of VN THOR , TM S /+ D 295 genotype lambs had a larger mean compared with each of the other genotype groups. 009 First set of orthogonal contrasts was fitted as -1 0 0 1(additive), -1 1 1 -1(dominance), and 0 1 -1 0(reciprocal heterozygote) to the + S /+ D , TM S /+ D , + S /TM D , and TM S /TM D 506 genotypes, respectively. Second set of orthogonal contrasts was fitted as -1 0 0 1(additive), -1 0 2 -1(maternal dominance), and -1 3 -1 -1(polar overdominance) to the + S /+ D , 507 TM S /+ D , + S /TM D , and TM S /TM D genotypes, respectively. From the second set of contrasts, only the results from the polar overdominance test are shown; additive results 508 previously reported with first set of contrasts and the maternal dominance test was not significant for any of the traits. 
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